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ABSTRACT 

We present four-dimensional M-theory vacua with N > supersymmetry which, from 
the perspective of perturbative Type II A string theory, have N = 0. Such vacua can 
appear when the compactifying 7-manifold is a U(l) fibration. The missing superpartners 
are Dirichlet 0-branes. Someone unable to detect Ramond-Ramond charge would thus 
conclude that these worlds have no unbroken supersymmetry. In particular, the gravitinos 
(and also some of the gauge bosons) are 0-branes not seen in perturbation theory but which 
curiously remain massless however weak the string coupling. 
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1 Introduction 



Both perturbative and non-perturbative effects of ten-dimensional superstring theory have 
now been subsumed by eleven-dimensional M-theory [g, |, g |, |, |, |, |, [H], 0, ^ 01- 
In particular, the D = 10 Type /-L4 superstring emerges from M-theory compactified 
on S 1 ]l], ^ |5|. In this picture, the resulting Kaluza-Klein modes are Dirichlet 0-branes 



14] with masses proportional to 1/A in the string metric, where A is the string coupling 



constant. They are thus non-perturbative from the Type II A perspective. This may also be 
seen from the fact that perturbative string states carry no Ramond-Ramond U(l) charge 
whereas the massive Kaluza-Klein modes are necessarily charged under this U(l). M- 
theory, on the other hand, draws no distinction between perturbative and non-perturbative 
states. An interesting question, therefore, is whether there is any difference in the status 
of super •symmetry when viewed either from the perturbative Type II A string or from the 
vantage point of non-perturbative M-theory. In this paper we present four-dimensional 
M-theory vacua with N > supersymmetry which, from the perspective of perturbative 
Type II A string theory, have N = 0. Such vacua can emerge whenever the compactifying 
7-manifold is a U(l) bundle over a 6-manifold. The missing superpartners are Dirichlet 0- 
branes. Someone unable to detect Ramond-Ramond charge would thus conclude that these 
worlds have no unbroken supersymmetry. In particular, the gravitinos (and also some of 
the gauge bosons) are 0-branes not seen in perturbation theory but which curiously remain 
massless however weak the string coupling. 

The simplest example of this phenomenon is provided by the maximally-symmetric S 7 
compactification of D = 11 supergravity [16] which is presumably also an acceptable 
compactification of M-theory. Actually, this is not immediately obvious. In the literature 
one encounters two attitudes to M-theory which from the point of view of perturbative 
string theory may be called revolutionary and counter-revolutionary. The revolutionary 
will say that having decided that the fundamental theory is eleven-dimensional M-theory 
whose low energy limit is D = 11 supergravity, then any vacuum of D = 11 supergravity is 
an acceptable vacuum, whether or not it is a vacuum of Type II A supergravity Q. (K3 [17] 
provides a nice example of a D = 7 vacuum that follows from D = 11 but not from Type 
II A supergravity.) The counter-revolutionary, on the other hand will argue that M-theory 
is nothing more than the strong coupling limit of the Type II A string and hence the only 



1 We are assuming throughout that solutions of Type II A supergravity may be elevated to solutions of 
the full Type II A string. 
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acceptable vacua are those that are also solutions of Type II A supergravity^. If true, one 
might be tempted to conclude that the compactifying 7-manifold Ai-j must necessarily be 
of the form Me x S . See, for example, [18]. However, this turns out to be too strong a 
requirement even for the conservative. As we shall see, we can satisfy both camps if M7 is a 
U(l) fibrationf^. Fortunately, S 7 may be regarded as a U(l) bundle over CP 3 and is in fact 
but one example of a whole class of compactifications of D = 11 supergravity corresponding 
to Hopf fibrations which therefore also admit the interpretation as vacua of the Type II A 
theory [Uj. 

Another reason for trusting that AdS& x S 7 is an acceptable vacuum of M-theory is that 
it is simply the M-theory membrane solution [20] in the limiting case as we approach the 
horizon [21, p2^]. 



In [|| the worldsheet action of the D = 10 Type II A superstring |23|] was derived from the 



worldvolume action of the D = 11 supermembrane [24] by identifying the third worldvolume 
coordinate with the eleventh spacetime coordinate. The same procedure continues to apply 
if this eleventh coordinate corresponds to a U(l) fiber instead of a circle. Now, however, the 
membrane worldvolume would itself correspond to a U(l) bundle over the two dimensional 
worldsheet of the string, rather than a direct product. 

We complete this introduction with a caveat: when discussing the four-dimensional 
Type II A string spectrum we shall not be interested in magnetically charged states so 
we shall use the words "perturbative" or "non-perturbative" to mean with or without the 
inclusion of electrically charged Dirichlet 0-branes. These four-dimensional 0-branes have 
their ten-dimensional origin in the massive Kaluza-Klein spectrum which is absent in the 
perturbative Type II A string. The remaining states in the spectrum have their origin in the 
massless modes in D = 10. However, even this sector will display certain non-perturbative 
features peculiar to the AdS^ x Me backgrounds. We shall return to this issue in section ||. 

2 U{1) fibrations 

It has long been known that Type II A supergravity can be obtained by the dimensional 
reduction of eleven-dimensional supergravity on a circle 26 ]. In particular, this means 



that any solution of eleven-dimensional supergravity of the form M\o x S 1 can be re- 
interpreted as a solution of the Type II A theory. In fact the class of eleven-dimensional 
2 Similar remarks apply, mutatis mutandis, to the heterotic string and M-theory on S 1 jZ% H. 
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This may come as no surprise to F-theorists. 
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solutions that can be re-interpreted as solutions of the Type II A theory is much wider 
than these. To be precise, it is not necessary that the eleven-dimensional solution have a 
direct-product structure, and in fact any solution that has the form of a £7(1) bundle over 



some ten-dimensional base manifold also admits a ten-dimensional interpretation [19]. For 
example, this includes the case of the AdS^ x 5 7 solution of eleven-dimensional supergravity, 
since S 7 can be written as a U(l) bundle over CP 3 . In configurations of this kind where 
the bundle is non-trivial, the Kaluza-Klein vector potential arising from the reduction from 
D = 11 to D = 10 has a topologically non-trivial form, analogous to the potential for a 
magnetic monopole. Note, by the way, that there is no circle which cannot be shrunk to a 
point in S 7 , in contrast to the direct product CP 3 x S . In this section, we shall review the 
structure of such bundle solutions from the eleven and ten-dimensional viewpoints; further 
details may be found in |]TI 

We may begin by considering the bosonic sector of eleven-dimensional supergravity, 

C = eR-±eFl-±*(dA 3 AdA 3 AA 3 ) . (2.1) 

After dimensional reduction to D = 10 according to the Kaluza-Klein prescription 

ds 2 = e~h ds 2 + A* (dz + A) 2 , (2.2) 
A 3 (x,z) = A 3 (x) + A 2 (x) A dz , (2.3) 

where ds 2 denotes the ten-dimensional metric in the string frame, and all ten-dimensional 
quantities are taken to be independent of the coordinate z on the compactifying circle, we 
obtain the bosonic sector of the Type II A theory, with the Lagrangian 

C = ee- 2 ^ (R + 4 (d0) 2 - i P 3 2 ) - \eT 2 - ± eF 2 - \ * (dA 3 A dA 3 A A 2 ) , (2.4) 

where J- = dA, F 3 = dA 2 and P4 = dA 3 — dA 2 A A. The graviton, dilaton and 2-form 
potential originate in the Neveu-Schwarz-Neveu-Schwarz sector of the string theory, while 
the 1-form and 3-form potentials come from the Ramond-Ramond sector. 

The equations of motion for the Type II A theory admit solutions in which the ten- 
dimensional metric ds 2 is a direct sum ds 2 = ds 2 + ds 2 , of a four-dimensional anti de-Sitter 
spacetime ds 2 and a six-dimensional space with metric dsg [19| that satisfies certain 
conditions given below. Substituting into the equations of motion following from ( |2.4[ ), we 
easily see that there exist solutions with 

e 4> — \ p jr 

c — > ± fiupa — » c fiupa j J ran — , lv mn j 

Rau = -12m 2 5^ , R mn = 2m 2 (K% in + 3g mn ) , (2.5) 

2 2 
m = \i , 



3 



where m and \i are constants, A is the ten-dimensional string coupling constant, e^ vpa is 
the Levi-Civita tensor on AdS^, and K mn is an harmonic 2-form on A4q with constant 
magnitude K 2 = 6. A particularly simple example of an A4q that satisfies the necessary 
conditions is when it is an Einstein-Kahler space of positive curvature, with K mn taken to 
be the Kahler form J mn , in which case we see that 

Rmn = 8m 2 g mn . (2.6) 



Since the dimensional reduction from fl2.1|) to ( [2.4 ) is a consistent one, the solution (2.5) 
may be lifted back to a solution of the eleven-dimensional theory, with the metric given by 

& 

ds 2 = ds\ + ds 2 7 , (2.7) 

where ds 2 = A _2//3 ds 2 and 

ds 2 = \- 2 ^ds 2 + \ 4 / 3 (dz + A) 2 . (2.8) 

Using the fact that if ds 2 J+1 = c _1 ds 2 D + c 2 (dz + A) 2 , the vielbein components R a b of the 
Ricci tensor of ds 2 D +1 are related to the vielbein components Rij of ds 2 D by 

Rij = C Rij 2^ ■J'ikJ'j , Rzz — 4C J'ijJ^ 1 ^ , R'iz — I \7^J~ij , (2'9) 



we can easily see that the seven-dimensional metric ds 2 in ( |2.7| ) is Einstein (regardless of 
whether or not A4q is Einstein). We find 



= -12m 2 ^ 



^ab = 6m 2 5 afe , (2.10) 

where m = A 1 / 3 ?™ and e^jypo- is the Levi-Civita tensor on AdS^ in the rescaled metric. In 
fact this lifting to D = 11 of the class of solutions (p. 51) in D = 10 gives the Freund- Rubin 



class of solutions [27] of eleven-dimensional supergravity, in which the metric is written as a 
direct sum of a four-dimensional anti de-Sitter spacetime and a seven-dimensional Einstein 
space M.j. To be more precise, one obtains by this means all Freund-Rubin solutions 



where Mj can be written as a U(l) bundle over some 6-manifold M§ [19], which satisfies 
the conditions given above. We shall refer to solutions with m = +fi and m = —fj, as 
left-handed or right-handed respectively, since the sign dictates the orientation of M.7. 



4 



The period Az of of the coordinate z on the compactifying circle is not arbitrary, and 
is determined by the harmonic form K mn on M§. Specifically, the period Az is given by 

Az = [ T , (2.11) 



or an integer fraction of this, where the integral is taken over 2-cycles in M%. (If there is 
more than one 2-cycle, the periods determined by these integrals must be compatible, in 
order to have a well-defined solution.) 

As we mentioned previously, a simple class of spaces Mq that satisfy the necessary 
conditions are Einstein-Kahler spaces, with K mn taken to be the Kahler form. One such 
example is provided by CP 3 , endowed with the Fubini-Study metric. In this case, the 
seven-dimensional space M7, obtained as a U(l) bundle over CP 3 , is the seven-sphere. 
In fact the metric ds 2 in this example is precisely the standard S'0(8)-invariant "round" 
seven-sphere. We shall discuss this example in more detail in section ^. Another example 
with the same topology is obtained by taking Mq to have a homogeneously "squashed" 
CP 3 metric, with isometry group SO(5) rather than the SU(&) isometry of the standard 
Fubini-Study metric. In this case, by choosing the squashing parameter appropriately, one 
obtains a solution of the type IIA theory that lifts back [l!| to the squashed seven-sphere 
solution |2^, |3(| of D = 11 supergravity. Interestingly enough, the CP 3 metric in this case 
is neither Einstein nor Kahler, although it is still Hermitean [19]. See section ||. 



As discussed in section [5], further interesting examples of M7 spaces that are U(l) 
fibrations can be obtained by taking Mq to be CP 2 x S 2 , S 2 x S 2 x S 2 , or the flag manifold 
SU(3)/T 2 . These give rise to solutions of the Type IIA theory whose liftings to D = 11 



describe compactifications where the M7 are M pqr , Q pqr or N pqr spaces IS]. In the first two 
cases, the M7 spaces are obtained as U(l) bundles characterised by their winding numbers 
with respect to the various Kahler structures in the CP 2 or S 2 subspaces. 

Let us consider the example where Mq is CP 3 , with its Fubini-Study metric, in more 
detail. Since the metric is Einstein-Kahler, with R mn = 8m 2 g mn , it follows that the Ricci 
form is given by p = 8m 2 J, and thus the period of the compactifying coordinate z is given 
in terms of the first Chern class c\ = ^- J p by 



7T M ci . 
Az = —^-4 . (2.12) 
2Am 2 v ' 



Now the period Az is fixed once and for all, when the dimensional reduction from eleven 
dimensions is performed, and we may, without loss of generality, choose Az to have a 
convenient value. Let us take Az = 2ttL where L is an arbitrary length scale. From the fact 
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that the first Chern class for CP 3 is c\ = 4, it then follows that n = XLm 2 . Combined with 
the relation m? = fj, 2 in (|2.5| ), we find that in this CP 3 solution the constant m is given by 

m-i. (2.13) 

As a consistency check we note that m = A 1 / 3 ?™ = 1/Rn, where R\\ = LA 2 / 3 is the radius 
of the eleventh dimension, as we would expect. This means that the R-R fields in ( |2.5D are 
actually 0(A -2 ) 

Although solutions of Type II A supergravity, we have no conformal field theory argu- 
ment to prove that the configurations ( |2.5| ) are solutions of the full string theory. There do 



exist conformal field theories with AdS vacua [35, 36] but they involve only Neveu-Schwarz 



fields. However, ( |2.5[ ) involves R-R field strengths which one does not know how to incor- 
porate into conformal field theory except by expanding in powers of the R-R field, but this 
we cannot do because they are 0(A -2 ) []. 

3 The round seven-sphere 

Considered as a compactification of D = 11 supergravity, the round S 7 yields a four dimen- 
sional AdS spacetime with A = 8 supersymmetry and SO (8) gauge symmetry, for either 
orientation of S 7 . The Kaluza-Klein mass spectrum therefore falls into SO(8) N = 8 su- 
per multiplets. In particular, the massless sector is described by gauged A = 8 supergravity 



[15[. Since S 7 is a U(l) bundle over CP 3 the same field configuration is also a solution 
of D = 10 Type II A supergravity. However, the resulting vacuum has only SU(4) x U(l) 
symmetry and either A = 6 or A = supersymmetry depending on the orientation of the 
S 7 . The reason for the discrepancy is that the modes charged under the U(l) are associated 
with the Kaluza-Klein reduction from D = 11 to D = 10 and are hence absent from the 
Type II A spectrum originating from the massless Type II A supergravity. In other words, 
they are Dirichlet 0-branes and hence absent from the perturbative string spectrum. There 
is thus more non-perturbative gauge symmetry and supersymmetry than perturbative. The 
right-handed orientation is especially interesting because the perturbative theory has no 
supersymmetry at all! See Table |l| (where we are using the notation of |28j for SU (4) 
representations). It is interesting to note that the D = 4 massless states in the left-handed 
vacuum originate from the n = massless level and n = 1,2 massive levels in D = 10, 
whereas in the right-handed vacuum they originate from n = 0, 1, 2, 3, 4 levels. 
4 We are grateful to E. Witten for correspondence on this point. 
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Spin 


60(8) reps 


T Cl. dT T / A\ TT / ~l \ 

Left 6(7(4) x (7(1) reps 


Right 6(7(4) x (7(1) reps 


2 


1 


lo 


lo 


3 
2 


8 S 


6 + h + 1-2 


4i +4_i 


1 


28 


1 + 15 + 6 2 + 6_ 2 


1 + 15 + 6 2 + 6_ 2 


1 

2 


56, 


6 + 10 + 10o + 15 2 + 15-2 


4i + 4_i + 20i + 20_! + 4_ 3 + 4 3 


0+ 




15 + 10_2 + 10 2 


15 + 10_ 2 + 10 2 


0~ 


35 c 


15 + 10 2 + 10_2 


1 + 20' + 6 2 + 6_ 2 + U + 1-4 



Table 1: The massless multiplet under £0(8) -» 5£7(4) x 17(1) 

Similar remarks apply to the massive spectrum. By way of examples, we discuss the 
decomposition of the first two massive levels, for both the left-handed N = 6 vacuum in 
Appendix A, and the right-handed iV = vacuum in Appendix B. 



4 The squashed seven-sphere 

The squashed 6 7 solution of D = 11 supergravity yields an M-theory vacuum with 60(5) x 
577(2) and N = 1 or N = for either left or right orientation |2^, [3Q| . Again it corresponds 
to a U(l) bundle over a squashed CP 3 and may also be interpreted |l9| as a solution of 
Type II A supergravity but with only 50(5) x U(l). Since the single massless gravitino 
of the left-squashed solution is a singlet under £7(1), the perturbative vacua have the same 
supersymmetry as the non-perturbative. 



5 M(3,2) 

The M pqr spaces can be described very simply as £7(1) bundles over CP 2 x 5 2 . The most 
natural way to classify them is in the M(m,n) notation of |3l|], where m and n are the 



winding numbers of the £7(1) fibres over CP 2 and S 2 respectively. In the notation of [33], 
the space M pqr corresponds to M(m, n) with p = m/r and q = n/r, where r is the greatest 
common divisor of m and n. For each pair of integers m and n, there is an Einstein metric 
on the 7-dimensional bundle space, where the scale sizes of the standard metrics on CP 2 



and 5 2 are chosen appropriately [31]. In the case M(3, 2), the space admits two Killing 
spinors; when 2m ^ 3n, there are no Killing spinors. 

This example is particularly interesting for two reasons. First, it is a special case of 
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the M pqr spaces constructed by Witten [32] displaying SU(3) x SU(2) x U(l) symmetry. 



This symmetry is the same even when considered as a solution of Type II A supergravity. 



Secondly, as an M-theory vacuum the right-handed orientation has N = |15| and the 
left-handed orientation has N = 2 |33|], but since both gravitinos are charged under the 
U(l), the perturbative theory has no supersymmetry. It fact, the perturbative theory is 
especially bizarre: it has no fermions whatsoever! This because M pqr is a U{\) bundle over 
CP 2 x S 2 and although it has a spin structure, CP 2 x S 2 does not. Only spinors with 
appropriate charges under the R-R 2-form field strength on CP 2 can be defined. These are 
spin c spinors or generalized spinors [[34|]. Hence the perturbative spectrum of such a Type 
II A vacuum is entirely bosonic: all the fermions are Dirichlet 0-branes! 

6 Perturbative versus non-perturbative 

The states that are charged under the R-R U(l) are Dirichlet 0-branes whose masses are 
of order 1/A and which therefore become very heavy for weak coupling of the D = 10 Type 
II A string. On the other hand they belong to the same supermultiplet as the neutral states 
and should therefore be degenerate in mass with them (in the sense of AdS supersymmetry). 
Consistency therefore demands that all the four-dimensional massive states have masses of 
order 1/A, whether Dirichlet 0-branes or not, and that the entire massive Kaluza-Klein 
spectrum is, in this sense, non-perturbative. This is indeed the case because the massive 
spectrum associated with the compactification from D = 10 to D = 4 on CP 3 is governed 
by the parameter m which, from ( 2,13| ) does indeed go like 1/A. Note, however, that the 



massless sector remains massless for any value of A and so it still makes sense to talk 
about "perturbative" supersymmetry whose gravitinos are neutral under the U{\) and the 
extra "non-perturbative" supersymmetry whose gravitinos are Dirichlet 0-branes. Similar 
remarks apply to the gauge symmetry and the massless gauge bosons. 

The AdS vacua of Type II A supergravity considered in this paper have spacetime 
cosmological constant m 2 ~ 1/A 2 and are, of course, very different from the Minkowski 
vacua. Note also that the volume V of A4q scales like m~ 6 ~ A 6 . This has a strange 
consequence. Prom the four dimensional point of view, the string coupling A4 is related to 
the ten-dimensional string coupling A appearing in ( |2.4D by 

1 V 



X 2 L 6 A 2 



(6.1) 



In Minkowski space string theory, the volume V is given by the vev of a massless modulus 
field and its value is independent of the string coupling which is determined by the vev 
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of the dilaton <fr. Consequently, weak coupling in D = 10 means weak coupling in D = 
4. In AdS, however, the volume field belongs to the massive sector |15| . In the case of 
the CP 3 for example, it is the singlet scalar in the second massive level that comes from 
the singlet in the round S 7 supermultiplet with spins {2, |, 1, + , CP} transforming as 
{35„, 56 s + 22A VS , 28 + 350 + 567^, 8 S + 160 s + 672 vc + 840 s , 1 + 294,, + 300, 35 s + 840' s }, as 
discussed in Appendices A and B. Moreover, the vev of this scalar is not a free parameter 



but is itself fixed by the string coupling. From ( |2.5| ) and (2.13), we see that 

V ~ m~ 6 = L 6 A 6 (6.2) 
Thus we reach the bizarre conclusion that 

A 4 ~ ^ ( 6 - 3 ) 

and the four-dimensional string coupling grows as the ten-dimensional string coupling 
shrinks! Similar remarks apply to the non-abelian gauge coupling constant e (SO (8) in 
the case of the round S 7 ). Since one of the gauge bosons is just the U(l) gauge field 
appearing in ([2.4|), we have 

r 6 1 

e 2 = - - (6 4) 

V A 6 1 ' 



7 Conclusions 

We have seen how supersymmetry can appear very differently when viewed from the pertur- 
bative Type II A string perspective (vacua corresponding to solutions of massless Type II A 
supergravity whose spectrum is neutral under the R-R charge) and the non-perturbative 
M-theory perspective (vacua corresponding to solutions of D = 11 supergravity whose 
spectrum includes Dirichlet 0-branes). A summary of perturbative versus non-perturbative 
symmetries is given in Table |2[ In particular, the non-perturbative vacuum may have 
unbroken supersymmetry even when the perturbative vacuum has none. 

We cannot resist asking whether this could be a model of the real world in which you can 
have your supersymmetry and eat it too The problem with such a scenario, of course, 
is that God does not do perturbation theory and presumably an experimentalist would 
measure God's real world and not what a perturbative string theorist thinks is the real 
5 A scheme in which you can have all the benefits of unbroken supersymmetry while appearing to inhabit 
a non-supersymmetric world has also been proposed by Witten but his mechanism is very different 
from ours. In particular, our vacua necessarily have non-vanishing cosmological constant unless cancelled 
by fermion condensates |^| . 
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Compactification 


Perturbative Type II A 


Nonperturbative M-theory 


Left round S 7 


N = 


= 6 


SU(4) 


xU(l) 


N = 


8 


SO(8) 


Right round S 7 


N = 


= 


SU{4) 


xU(l) 


N = 


8 


SO(8) 


Left squashed S 7 


N = 


= 1 


SO(5) 


xU(l) 


N = 


1 


SO(5) x SU(2) 


Right squashed S 7 


N = 


= 


SO{5) 


xU(l) 


N = 





SO(5) x SU(2) 


Left M(3, 2) 


N = 


= 


SU{3) x SU(2) x U(l) 


N = 


2 


SU(3) x SU{2) x U{1) 


Right M(3, 2) 


N = 


= 


SU(3) x SU(2) x 17(1) 


N = 





SU{3) x SU{2) x 17(1) 



Table 2: Perturbative versus non-perturbative symmetries 



world. Unless, for some unknown reason, the experimentalist's apparatus is so primitive 
as to be unable to detect Ramond-Ramond charge in which case he or she would conclude 
that the world has no unbroken supersymmetry. 
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A The first two massive levels on S 7 : N = 6 decomposition 



Let us consider the first massive level || on S 7 . Under the N = 8 -> N = 6, SO (8) -> 
SU(4) x U(l) decomposition of the left-handed S 7 , it yields the decomposition given in 
Table ||[ Note that there are no U(l) singlets so all these states are Dirichlet 0-branes, 
absent from the Type II A Kaluza-Klein spectrum in going from D = 10 to D = 4. This is 
a general feature of the odd numbered levels. 

Next we look at the second massive level in Table ||. Since the numbers of representations 
in the decompositions rapidly become large, we shall just present the subset of states that 
carry no Ramond-Ramond charges and which survive in the truncation to the Type II A 
spectrum forming N = 6 supermultiplets. 
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Spin 


SO(8) reps 


Left 517(4) x 7/(1) reps 


2 


8, 


4-1+4! 


3 
2 


8 C 


4i +4_i 




56 c 


4i + 4_i + 20i + 20i + 4_ 3 + 4 3 


1 


56, 


4_x + 4i + 20_i + 20i + 4 3 + 4_ 3 




160, 


4_i + 4i + 20_i + 20i + 20 3 + 20_3 + 36_i + 3~6i 


1 

2 


160 c 


4! + 4_i + 20i + 20_i + 20_ 3 + 20 3 + 36i + 36_i 






20i + 20_i + 20'/ + 20^ + 36i + 3~6_i + 36_ 3 + 36 3 


0+ 


112, 


20 3 ' + 20" 3 + 36_i + 36i 


0" 


224 ctf 


20_i + 20i + 20'7x + 20" + 36_i + 3~6i + 36 3 + 36_ 3 



Table 3: The first massive level under SO (8) -» 5*7(4) x U(l) 



Spin 


50(8) reps 


Left 5*7(4) x 17(1) reps 


2 


35, 


15o + ■ ■ ■ 


3 
2 


56 s 


6 + 10o + f0 + • • • 




224 vs 


10 + 10o + 64 + • • • 


1 


28 


1 + 15o + ■ ■ ■ 




350 


15o + 15 + 20 + 45 + 45 + ■ • • 




567, 


15o + 45 + 4"5 + 84 + • • • 


1 
2 


8 S 


6o + ■ • ■ 




160 s 


6 + 6 + 64 + • • • 




672, c 


64 + 70 + 70 + • • • 




840 s 


6 + 10 + f0 + 64 + 64 + 70 + 70 + ■ • ■ 


0+ 


1 


lo 




294, 


+ --- 




300 


1 + 15o + 20 + 84 + • • • 


0" 


35 s 


1 + 20 + • • • 




840^ 


20 + 35 + 3"5 + 45 + 45 + 84 + • • • 



Table 4: The second massive level under 50(8) -> 5*7(4) x t7(l) 
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B The first two massive levels on S 7 : N = decomposition 

Again let us first consider the first massive level on S 7 . Under the N = 8 -> N = 0, 
SO (8) — > SU(4) x U(l) decomposition of the right-handed S 7 , it yields the decomposition 
given m Table |. Note that the surviving singlets are all fermions. This is a general feature 
of the odd numbered levels. 

Next we look at the second massive level in Table ^. Note that the surviving singlets 
are all bosons. This is a general feature of all even numbered levels. Keeping just the 
U(l) singlets thus yields a massive spectrum of bosons and fermions but which do not form 
supermultiplets. The supermultiplet structure of the spectrum becomes apparent only when 
the Dirichlet 0-branes are incorporated. 

The coupling constants appearing in the truncated tree-level Lagrangian would take on 
their supersymmetric values but this would not persist at the quantum level unless the 
Dirichlet 0-branes were re-introduced. 
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Spin 


SO(8) reps 


Right 5*7(4) x [7(1 ) reps 


2 


8„ 


4-i +4i 


3 
2 


8 C 


1 2 + 1-2 + 6 




56 c 


6 + 10o + f0 + 15 2 + 15_ 2 


1 


56^ 


4_i + 4i + 20_i + 20i + 4 3 + 4_ 3 




160^ 


4_i + 4i + 20_i + 20i + 20 3 + 20_3 + 36_i + 36i 


1 

2 


160 c 


h + 1-2 + 6 + 6 + 6 4 + 6_ 4 + 15 2 + 15_ 2 




224„ c 


10o + fOo + 64 + 15 2 + 15_2 + 45_2 + 45 2 + 10_ 4 + 10 4 


0+ 


U2 V 


20 3 ' + 20" 3 + 36_i + 36i 


o- 


224 cv 


4_i + 4i + 4 3 + 4_ 3 + 4_ 5 + 4 5 + 20_i + 20 1 + 20 3 + 20_ 3 + 60_i + 6O1 



Table 5: The first massive level under 50(8) -» 5£/(4) x U(l) 



Spin 


SO (8) reps 


Right SU(A)xU(l) reps 


2 


35^ 


15o + ■ • ■ 


3 
2 


56 s 


() + ■•• 




224 ws 


+ --- 


1 


28 


1 + 15o + ■ • ■ 




350 


15o + 15 + 20 + 45 + 45 + ■ • ■ 




567^ 


15o + 45 + 4"5 + 84 + • • • 


1 
2 


8 S 


+ --- 




160 s 


+ --- 




672 vc 


() + ■•• 




840 s 


+ --- 


0+ 


1 


lo 




294,, 


+ --- 




300 


1 + 15 + 20 + 84 + • • • 


0- 


35 s 


15o + ■ • ■ 




840^ 


10 + 45 + 45 + 175 



Table 6: The second massive level under 50(8) -> SU{4) x U(l) 
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